In this study, composite materials consisting of Activated Carbon (AC) and Zeolite were prepared for application in the removal of methylene blue and lead from an aqueous solution. The optimum synthesis method involves the use of metakaolinization and zeolitization, in the presence of activated carbon from kaolin, to form Zeolite. First, Kaolin was thermally activated into amorphous kaolin (metakaolinization); then the resultant metakaolin was attacked by alkaline, transforming it into crystalline zeolite (zeolitization). Using nitrogen adsorption and SEM techniques, the examination and characterization of composite materials confirmed the presence of a homogenous distribution of Zeolite throughout the activated carbon. It has also shown the carbonization process did not destroy the crystalline structure of the zeolite, which was revealed to be intact. Experiments in batch mode were conducted (using three differently-prepared composites, zeolite and activated carbon), to investigate the removal of methylene blue and lead from the aqueous solution of the sorbents. Key experimental parameters (initial concentration, pH, contact time and adsorbent dosage) from the obtained results were measured and analysed. Freundlich and Langmuir models were used to describe the adsorption isotherms, and the observed adsorption kinetic adhered to pseudo-second order. 
MATERIALS AND METHODS

Materials
For the purposes of the present study, two commercially-available adsorbents -Zeolite and Activated Carbon (AC) -were used. Naturally-occurring zeolite, which was free of any chemical modifications, was sieved so as to obtain particles of the desired [1.18 mm -2.00 mm] size range. Distilled water was used to repeatedly rinse both adsorbents, so as to remove any traces of impurities (such as dust). The adsorbents were then oven-heated for a period of 24 hours at a temperature of 105ºC, and subsequently dried for two hours in a desiccator. The principal materials for the experiments undertaken in the present work, including Kaolin, Bentonite, CarboxyMethylCelullose (CMC), Methylene Blue (MB), lead Nitrate, sodium hydroxide and hydrochloric acid, as well as the Zeolite and AC adsorbents, were all supplied by Sigma-Aldrich, UK.
Preparation of MB stock solution
In order to prepare the MB stock solution (1 g/L), the appropriate quantity of cationic dye (CI=52015; chemical formula=C16H18N3SCl; MW=319.86; nature = basic blue and λmax = 660 nm) is measured out and dissolved in double-distilled water. Successive dilutions of the experimental solution are performed until the required concentration is reached. The experiments were conducted at initial pH values ranging from 2 to 10, which were then adjusted through the addition of dilute hydrochloric acid and sodium hydroxide solutions. The samples' absorbencies were measured using a UV-vis spectrophotometer (Specord 200) operating at a wavelength of 670 nm (this is the wavelength at which MB absorbency is at its maximum). Linear regression equations are subsequently used to measure the samples' respective concentrations. This is performed through plotting the calibration curve for the dye across the relevant range of concentrations.
Preparation of Lead Nitrate Solution
The 1000 mg/l lead nitrate stock solution was obtained by dissolving 1.3 g of lead nitrate into 1L of deionized water (added gradually). A mixing bar was then dropped into the volumetric flask, and the resultant blend mixed until the complete dissolution of the lead. By using the appropriate degree of dilution, a number of samples of the stock solution were produced, each at the required concentration. Until usage, the solution is stirred at room temperature while an aluminium-foil protects the flask from excessive light exposure. The concentration of lead in the liquid (in ppm) is measured at the end of the reaction period for each reaction flask. This is performed using an appropriately-calibrated atomic absorption spectrophotometer (PERKIN ELMER, A 800, slit = 0.5, wavelength = 228.8 nm, one flame of the air-C2H2 type).
Composite Adsorbent Preparation
The set of procedures used in the production of the novel Zeolite-AC composite-based adsorbent discussed in this work is Mostafa, et al., 2011, Shams, and Mirmohammadi, 2007, and Tepamat, 2014:
Procedure 1 1-The below-listed set of ingredients were gently mixed using a spatula until a thick slurry was produced: a. Zeolite (69 g) b. Activated Carbon (69 g) c. Kaolin (60 g) d. Distilled water (50ml) 2-In order to form a paste, excess water was removed from the slurry. 3-Carboxymethylcelullose (1.38 g) that had been dissolved in distilled water was mixed into the paste. The paste's composition was then evened-out using the spatula. 4-The paste was left to dry partially. Once the water content reached 45%, the paste was pushed through a simple extruder. 5-The resultant spaghetti-like noodles were placed into a pan. They are then left to partially-dry at room temperature for 24 hours. 6-Once dry, the noodles were crushed by being pushed through a standard ASTM sieve, which levels particle size distribution across all samples (i.e. between 20 and 40 standard US mesh). 7-The obtained Na monolith zeolite-AC composite is then calcined in nitrogen atmosphere for three hours using an electrical heater set at 600ºC, which converts the sample's kaolin content into metakaolin. (CMC is burned during this process). Procedure 2 1-The below-listed set of ingredients were mixed and heated for one hour, starting at room temperature and rising at a heating rate of 5ºC min −1 to 600ºC. a-Fly ash (47.5 g, collected from a workshop boiler) b-Zeolite (32.5 g) c-Bentonite (20 g) Once the mixture was cooled back down to room temperature, activated carbon (80 g) was added to it and the mix was homogenized. 2-Carboxymethyl cellulose (1.8 g) is dissolved in deionized water (51 ml). The resulting mixture is added to the previous mix and the resulting paste is left for 48 h in order to achieve homogenous levels of moisture. 3-Prior to the forming process, a laboratory pug mill is used to de-air the paste. The paste is then shaped into small green tubes by pushing in through a simple extruder. 4-In order to remove the desired level of absorbed water, the resultant spaghetti-like noodles are dried at 100ºC. 5-Once dried, the noodles are crushed (by being passed through a standard ASTM sieve) so as to ensure the particle size distribution is between 20 and 40 standard US mesh across all samples. 6-Once dried, the test specimens were calcined in Nitrogen atmosphere for 2 hours using a laboratory electrical furnace. The process starts at room temperature before rising at a rate of 5ºC/min until it reaches 500ºC.
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Procedure 3 1-Kaolin (222 g) was converted into metakaolin through a calcination process lasting 8 hours at a 800°C temperature. 2-The resulting metakaolin and (111g) of activated carbon was reacted with 3.0M aqueous NaOH solution (the latter obtained by dissolving 132.2 g of NaOH in 1110 ml of distilled water) using covered Teflon beakers (2000 ml capacity). Once the reaction vessel is placed in a water-filled beaker, the combination was put in a heater equipped with both a magnetic stirrer and a thermostat. The reaction vessel was then heated for three hours, ensuring the temperature was maintained between 70 and 80ºC. In light of the slow and time consuming rate of dissolution of metakaolin in sodium hydroxide, the reaction vessel is gently agitated at 350 rpm throughout the heating process so as to help speed the reaction. 3-Once an amorphous aluminosilicate gel is formed, the agitation and heating process is brought to an end. The reaction vessel is then kept unperturbed at room temperature for nucleation, for a period of 72 hours approximately. 4-In order to complete the crystallization process, the reaction vessel is once again placed in the water bath. It is subsequently heated for 4 hours at a temperature of 90ºC while being stirred gently at 350 rpm using a magnetic stirrer. 5-Once the precipitation of the AC-Na-zeolite composite crystals at the bottom of the reaction vessel is complete, simple paper filtration is used to separate the obtained precipitates from the liquid phase. Before the precipitates are collected from the filter paper, it is washed thoroughly until it achieves a pH value of under 11 (pH < 11). 6-In the final step, the resulting composite material is dried for ten hours at a temperature of 150ºC, and the particle size distribution is adjusted by passing the samples through a 20 -40 ASTM standard mesh.
Sorption Experiments
These tests were performed using Erlenmeyer flasks (250 mL) containing varying quantities (0.5, 1, 1.5, 2 and 2.5 g/l) of adsorbent, and the desired concentrations of Methylene Blue (100 mL) or Pb solution. A horizontal shaker is used to agitate the flasks, allowing for temperature and agitation control. At specific, predetermined intervals (10 -240 min), the samples were withdrawn from the shaker and separated (using centrifugation at 4500 rpm for 10 min) from the adsorbent. The supernatant was then analysed for both Pb and colour. As indicated in the literature, Kumar, et al., 2005, an AAS (Model Shimadzu A660) with a reading of up to ±0.01 mg/L is used for metal identification and analysis. The instrument was calibrated based on a 10-point [0.1-10 mg/L] standard curve, which was derived from standard reference solutions for Pb or MB. In order to verify the validity of the calibration, a quality control solution was run during the analysis process. For colour determination (in Platinum Cobalt unit), a spectrophotometer (Model Hach DR2000) for colour was used. In order to obtain consistent reliable averages, the experiments were performed in triplicates. The removal percentage for heavy metals varied in line with the differences in concentrations of heavy metals and their colour before and after experiment. In order to account for any heavy metals and colour that may have leached from each adsorbent, a set of blank tests were performed separately, using alladsorbent and distilled water (i.e. without metals and colour).
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The quantity of MB or Pb adsorbed at any time was calculated according to the following formula:
whereby: Co (mg/L) refers to the initial concentration level. Ct (mg/L) refers to the solution concentration of MB or Pb, post-reaction, for a period of time t. V(L) is the solution volume W(g) is the weight of adsorbent in a single container. Batch pH studies were also performed by shaking 100 ml of dye or metal solution (containing approximately 250 mg/l of MB or Pb with 0.2 g of adsorbent) for a period of four hours. This was conducted for a range of initial pH values rising from 2 to 12. Meanwhile, 0.1 N NaOH and 0.1 N HCl solutions were used to adjust the stock solution's pH level. The reaction mixture's final pH was subsequently recorded. Throughout the process, a pH meter (HANNA-8417) was used for the adjustment of pH. The experiments were repeated, and the obtained averages were adopted for use in the data analysis. An optimal pH value was also established for use in further studies. Once this optimum pH was determined, isotherm tests were performed at room temperature (298 K) by changing MB and Pb concentration in water. These tests used a range of representative concentrations (25, 50, 100,…, 1000 mg/l). Moreover, 0.2 g of adsorbent was mixed with 100 ml of stock solution for 5 hours, amply sufficient to allow the solution to reach equilibrium at a constant agitation speed of 150 rpm. Once determined, the optimal pH level was subsequently set as the initial pH of solutions used in the experiment. For its part, the final concentration was determined at the end of the study, after the filtering of the samples. All experiments were conducted in duplicate in order to test the reproducibility of the results, and the latter was found to be within the +2% range.
Characterization 2.3.1 Determination of Surface Area
The characterization of the adsorbent samples was performed by measuring their surface area. To this end, Nitrogen gas was utilised for the adsorption, and surface areas were calculated using Micromeritics ASAP-2000 and based on the BET N2 method.
SEM studies
In order to examine the pore structure of the adsorbent's surface, SEM studies were conducted using an Electron Probe Micro Analyzer (Model: Jeol-JXA 840 A, Japan). An essential requirement in this regard is that adsorbent samples should completely moisturefree. Using a conductive adhesive, the pulverised sample was hooked onto a substrate. An essential requirement for conducting SEM testing on a non-conducting specimen is to coat the latter with a skinny film of conducting material. In the present study, this was performed with a gold metal, and used vacuum evaporation to achieve uniform specimenthickness during the tests.
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136 3. RESULTS AND DISCUSSION 3.1 Adsorbent Characterization SEM-obtained images of the new zeolite-AC composites (COM1, COM2, and COM3), produced from procedures 1, 2 and 3 respectively, are provided in Fig.1 . The images in Fig.1(a and b) confirm that the zeolite particles were deposited with a modest degree of aggregation on the surface of the activated carbon. This indicates that the zeolite and AC powder cannot homogeneously blend with the binder substances. Meanwhile, the obtained images of COM3 (provided in Fig.1(c) ) show this sample features the best mixing of the samples under examination. In this case, as the AC powder agglomerated, it formed numerous bulk regions within the sample, thus enhancing the morphology of the prepared samples. This seems to confirm the excellent adsorption qualities of zeolite and AC, both of which promote adsorption binder substances during the blending process, consequently producing a superior morphology. This morphological property emphasises the large specific area due to the porous structure which is conductive to high uptake of sorbate. As an end result, the respective surface areas for COM1, COM 2, and COM 3 were determined to be 654 m 2 /g, 812 m 2 /g, and 1024 m 2 /g respectively. These increases might have been generated by the acceleration of the homogeneous mixing station.
(a) (b) (c) Figure 1 . Activated Carbon-Zeolite composites (a) COM1, (b) COM2, and (c) COM3.
The Effects of Adsorbent Dosage on Adsorption
The impact of the adsorbent dosage value on the sorbate removal process (from aqueous solutions) is manifested on multiple levels. The effect on the quantity of removal of MB and Pb solution of varying adsorbent dosages was measured by contacting 50 ml of the solution of initial sorbate concentration (of 500 mg/L) at different weighed amounts (0.5, 1, 1.5, 2, and 2.5 g/l) of different adsorbents, using water-bath shakers. This was conducted for a period of five (5) hours and at room temperature (25ºC). At a constant stirring speed of 150 rpm, this gives ample time for the solution to attain equilibrium. Once equilibration is complete, the samples were centrifuged and the supernatant solution's concentration was measured using the same procedure. The Adsorption percentage was observed to increase as the adsorbent dose rose from 0.5 g -2 g/l at 500 mg/l lead or dye concentration, based on an equilibrium time of 240 min, as shown in Fig. 2 , The removal efficiency increases up to
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137 the optimum dosage. However, once past this level, there was no observable change in the removal efficiency at greater adsorbent dosages. Nevertheless, it is also apparent that by increasing the adsorbent dose, the amount adsorbed per unit mass decreases, as illustrated in Fig. 3 . This reduction in adsorption density can be traced to the fact the adsorption sites remain unsaturated, whereas the amount of available adsorption sites grows in line with increases in adsorbent dose, which in turn results in an increase in removal efficiency. This hypothesis seems to be confirmed by the fact that while the adsorption percentage increases sharply for dosage increments between 0.5-2 g/l, the maximal adsorption percentage (of 98%) is achieved at a dosage level of 2 g/l, as clearly shown in Fig. 3 . As a result, the 2 g adsorbent dosage was adopted for the rest of the study. However, the lead sorbed-toadsorbent (mg g -1 ) ratio decreased with rises in the adsorbent quantity. This decrease in adsorption density as the adsorbent dose increases is to be principally attributed to the nonsaturation of the adsorption sites during the adsorption process, as well as to an overlapping between adsorption sites produced by an overcrowding of adsorbent particles, Garg, et al., 2007. 
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3.3The Effect of Contact Time
The impact of contact time on lead and MB adsorption on Activated Carbon, Zeolite and their composites was investigated so as to examine the rate of their elimination (Fig. 4) . It can be easily observed from Fig. 4 that the percentage of removal of lead metal ions and MB dye rose in line with increases in the duration of contact. Based on an equilibrium time of 240 min, it is obvious that after a contact period of 120 minutes, the observed percentage of removal values for MB, zeolite, COM1, Activated Carbon, COM2 and COM3 were of 33%, 63%, 88%, 94% and 98%, respectively. At the end of the first 60 minutes of contact, the percentage removal can be clearly observed to have risen rapidly in line with increased in the contact duration. The percentage removal subsequently continued to increase gently but slowly until equilibrium was reached. Once equilibrium had been attained, however, any further increases in the duration of contact had a negligible effect on the adsorption capacity of lead and MB. An examination of these trends suggests that the adsorption performance of lead and MB was greater at the start of the process due to the large number of vacant surface sites available to the adsorption of sorbates. However, as the adsorbed lead ion or MB dye produces a monolayer, the capacity of the adsorbents is exhausted. The uptake rate thus becomes limited by the speed at which the lead ions or MB dye are transferred from the exterior to the interior sites of the adsorbent particles. It must be noted that a particular system will comprise a constant number of active sorption sites. As such, since active sites can adsorb only one ion in a monolayer, the sorbate uptake by the adsorbent surface is likely to be rapid at the start of the process but slow down as the competition intensifies for the decreasingly available energetic sites throughout the sorbate residual in the solution. These results seem to confirm that Activated Carbon, Zeolite and their composites exhibit a very strong ability for adsorption of lead ions and MB in solutions.
The Effects of Initial Concentration
The initial concentration of the dye or heavy metal ions is an essential parameter in adsorption. This is because a particular amount of adsorbent can only adsorb a correspondingly specific amount of sorbate. The percentage removal of MB or lead was thus examined by varying MB and lead concentrations, from 50 to 500 mg/L, with 2 g/L
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139 adsorbent dose of activated carbon, zeolite and their composites. These tests were conducted under the same standard conditions illustrated in Fig.5 . Fig. 5 also shows the effects on the adsorption capacity of the adsorbent of the initial concentrations of MB and lead. The adsorption capacity enjoys a steep rise during the initial stages, before levelling off after a specific period of time. This can probably be attributed to the large difference in initial concentrations between the bulk and the surface of the adsorbent, which creates a higher driving force at the beginning of the process. As shown in Figure 5 , in the test solution, the actual quantity of sorbate that is adsorbed (per unit mass of the adsorbent) is observed to rise in line with the increase in sorbate concentration. In particular, the adsorbed amount increases from 24 mg/g to 190 mg/g, with an increase in initial concentration from 50 to 500 mg/L for MB. Correspondingly, the adsorbed amount of lead increases form 25 mg/g to 125 mg/g as the initial concentration of lead increases from 50 mg/L to 500 mg/L. In both cases, the adsorption capacity was measured over a period of 200 minutes. The percentage removal, however, was observed to decrease in line with increases in the respective initial concentrations of MB dye or lead. This may be due to the lack of available active sites, which are required for the high initial concentration of sorbate. At low concentrations, the proportion of surface active sites to the total sorbate in the solution is high. In consequence, all MB or Pb ions interact with the adsorbent and are thus quickly eliminated from the solution. According to these results, the initial concentration of MB or lead ions performs a crucial role in determining adsorption capacity. In this regard, it is worth nothing that higher concentrations of metal ions have been used to investigate an adsorbent's maximal adsorption potential, 
The Effect of pH
A solution's pH value is clearly one of the most critical parameters in determining the metal and dye's adsorption properties. This partly stems from the crucial effect the pH has not only on the chemical speciation of the sorbate, but also on the ionization of the functional groups onto the adsorbent's surface. Furthermore, the solution's pH value also affects the adsorbent surface's charge properties. In light of this, and in order to properly examine the impact on absorption properties of variations in pH levels a set of experiments
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140 were undertaken for a number of different initial pH values, ranging from 2 to 12. These tests were all conducted at a temperature of 25°C. Moreover, once initial pH levels were set by gradually adding HCl or NaOH at the beginning of the experiment, they were not manipulated afterwards. The obtained findings show that MB and Lead adsorption properties were strongly correlated to the solution's pH level. In consequence, batch experiments were conducted to investigate the role played by the concentration of hydrogen ions. It was found that raising the solution's pH results in a reduction in both the competition effect and electrostatic repulsion. As illustrated in Fig. 6 , for both lead and MB, the amount of adsorption rose in line with increases in pH. Eventually, the adsorption capability is observed to reach a maximal pH value of 6 and 8 respectively. Beyond this maximal point, further increases in pH are observed to bring about no changes in MB's adsorption capability, but produce a reduction in that of lead. Similar findings on the impact of pH levels have also been reported for the adsorption of dyes on a number of adsorbents, including banana peel, Babel, and Kurniawan, 2003, biological waste slurry, Yammuna, and Namasivayam, 1993, and even of Ni 2+ on orange peel, Sublet, et al., 2003. As such, both the surface binding-sites and the aqueous chemistry of the adsorbents are liable to be impacted by the solution's pH levels. For instance, at low pH levels (pH < 3), H + may compete for the adsorption sites with dye ions. Excessive protonation of the active sites on the adsorbent surface often prevents the formation of links between dye and the active site, which, in turn, inhibits MB adsorption. Furthermore, as the system's pH level decreases, the number of negatively-charged adsorbent sites was also observed to decline accordingly. Conversely, positively-charged surface sites increased in number. Due to electrostatic repulsion, this adversely affects the adsorption of positively-charged dye cations. Meanwhile, at moderate pH levels (3< pH <6), linked H + is released from the active sites and, in consequence, a rise in the adsorbed amount of dye ions is generally observed. Findings from the literature indicate that the Pb(II) ions will enter into complexation bonding with functional groups of composite adsorbent. For lead at pH < 6, a higher concentration of H+ ions will compete with Pb(II) ions for the adsorbent's surface. This will prevent Pb(II) ions from reaching the sorbet's bonding sites that were produced by the repulsive forces. At pH > 6, the Pb(II) ions are observed to undergo sedimentation. This is
141 due to the formation of hydroxide anions, causing a precipitation of lead hydroxide. Since this hydroxylated form of the metal can also compete for the actives sites of the adsorbent with the metal's ions, this adversely affects the adsorption capability, Panayotova, and Velikov, 2002. Overall, for a given pH level, the nature of binding events on the composite adsorbent can offer a useful indication of the geometrical coordination's thermodynamic stability.
Isotherm
The adsorption equilibrium data findings obtained during the tests were analysed using Langmuir and Freundlich isotherms expressions:
(2) qe = K Ce n (3) qm = maximum sorbate uptake per unit mass of adsorbent (mg/g), b = Langmuir constant (L/mol). KF = Freundlich constant which can be regarded as the indicator of adsorption capacity, and, 1/n = Freundlich constant referring roughly to strength of adsorption or adsorption intensity. As is commonly the case, linear regression was deployed to establish the best-fitting isotherm. Potential isotherm equations were compared based on the correlation coefficients, so as to determine their applicability. These models are not only well-established and simple to use, they offer a satisfying degree of predictability as well as a physically meaningful interpretation, as can be seen in Fig.7 and Tables 1and 2.
As shown from Fig. 7 and Tables 1 and 2, it is obvious that the measured isotherm, data for adsorption of led and methylene blue onto activated carbon -zeolite composites are fitted well both Langmuir and Freundlich models. However, it is clear that by comparing the correlation coefficients (R 2 ) for both models, the Freundlich isotherm are slightly higher than that for Langmuir isotherm. As the Freundlich isotherm proposed a multilayer adsorption which is suitable for both types of surfaces, homogenous and heterogeneous. This suggests the heterogeneity of the adsorbent surface which is made up of small heterogeneous sites but they are homogenous in themselves. The mechanism of surface exchange leads to increase the adsorption sites formed by activation process, Wanees, et al, 2012. 
Adsorption Kinetics
Adsorption kinetics models allow for evaluating the solute's uptake rate. The latter is a crucial parameter in determining the residence time of the adsorbate uptake at the solidsolution interface, as well as the diffusion process. The adsorption's rate and mechanisms are determined by a plethora of factors. These include not only the nature and various properties -both physical and chemical -of the adsorbent, but also the solution's pH levels and the medium's ambient temperature. Thus, with regards to designing and optimising effluent treatment processes, such kinetic models are highly valuable. A number of kinetic models have been deployed over the years to examine and test adsorption kinetics and, ultimately, to adequately characterise the adsorptive interactions between Pb, MB and the adsorbent. In the context of the present work, the models adopted in the examination and analysis of the data include: Pseudo-first order equations. Pseudo-second order equations. Second order kinetic equations. The linear forms for each of these three equations, respectively, are as follows:
Where, qe and qt represent the amount of dye adsorbed per adsorbent unit mass (mg/g) at equilibrium and at time t (min), respectively. K1, K2 and K are the constants of equilibrium for pseudo first order, pseudo second order and second order kinetics equations Using the slopes and intercepts of the linear plots of the respective kinetic equations, the relevant kinetic parameters are obtained. Based on the obtained linear regression coefficient (R 2 ) values, the analysis of the experimental data shows that the pseudo-second order equation (Eq. 5) offers the best description. In particular, the analysis shows that Equation 5 Journal of Engineering Volume 25 August 2019 Number 8 144 exhibits the most linear fit, providing correlation coefficients of R 2 = 0.996 and 0.999 for Pb and MB, respectively. Moreover, the values of both experimental qt and calculated qt were observed to be close in convention. This seems to further suggest the applicability of pseudo-second order kinetic model (Fig. 8) . For the adsorption of MB and Pb on activated carbon -zeolite composite, it is clear from the experimental data, (as shown in Figure 8) , that the initial adsorption rate is rapid followed by slower rate. At the beginning, there are a lot of vacant adsorption sites which are ready to interact with the sorbate, so the adsorption is higher. Also the driving force for adsorption is higher initially due to the large concentration difference between the bulk solution and solid-liquid interface. Diffusion of sorbent into the adsorbent became slower after the initial period leading to slow adsorption rate. The transfer of Pb and MB from the solution phase into the adsorbent's surface pores should also be taken into account, as it is highly indicative of the rate controlling step in batch experiments (during a fast mixing setting), Rafie, and Mei, 2014. 
CONCLUSION
The present work examines the adsorption of MB and Pb from aqueous solutions onto Activated Carbon (AC), Zeolite, and three different AC-Zeolite composites. Analyses of the findings point to a number of conclusions. Composites were well prepared and have shown great potential for use in applications involving the removal of MB and Pb from aqueous solutions. The composite adsorbents that have been produced exhibit a high surface area. The present investigation also shows that, of all the materials under examination, Composite 3 is the most effective adsorbent. Adsorption capacity of the various adsorbents was shown to be highly dependent on a number of parameters, including the initial MB and Pb concentrations, the adsorbent dosage, the duration of contact, and the solution's pH. The results also show that the optimum pH, corresponding to the maximum adsorption rate, was found to be 8 and 6, for MB and Pb respectively. The efficiency of MB-and Pb-removal was shown to rise in line with increases in the adsorbent dosage and contact duration. However, it was also shown to decrease as the initial concentration of the adsorbate solution increased. The adsorption data were found to be well-fitted by the
